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DESCRIPTION 



AUTOIMMUNE DISEASE MODEL ANIWAI, 



Tech.n±cal Field 

The present inven-tion relates to autoimmune disease model 



animals and methods for producing them, 
Background Art 

PerapHigus vulgaris (PV) is an autoimmune disease with 
involvement of skin and mucous membrane blistering, which is sometimes 
fatal, and is histologically characterized by blistering in the 
epidermis as well as immunopathologically characterized by the 
presence of autoantibody IgG to the cell surface of keratinocyte 

(Stanley, J.R. Pemphigus. In Dermatology in General Medicine, I.M, 
Freedberg, A.Z. Eisen, Wolff, K.F. Austen, L.A. Goldsmith, S.I. 
Katz, and T.B. Fitzpatrick, eds . McGraw-Hill, New York, 654-66 6 

C199 8) ) - Patients with pemphigus vulgaris clinically manifest 
diffuse flaccid blister and erosion. These can be formed in all the 
stratified squamous epithelia. Without appropriate therapy^ the 
widespread lesions on the skin result in the leakage of body fluid 
or secondary bacterial infection, and as a result pemphigus vulgaris 
may be fatal. The prognosis of pemphigus can be improved by systemic 
administration of corticosteroid and immunosuppression therapy, but 
the mortality remains considerably high because of death due to 
complications caused by the therapy. 

The target antigen for pemphigus vulgaris was first identified 
as a 130 kD glycoprotein through immunoprecipitation of keratinocyte 
extract (Stanley, J.R. et al . , J. Clin. Invest. 70:281-288 (1982); 
Stanley, J,H. et al . , J. Clin. Invest. 74:313-320 (1984)) . Then, cDNA 
for the pemphigus vulgaris antigen was isolated via immuno-screening 
of a human keratinocyte expression library using affinity-purified 
autoantibody specific to the pemphigus vulgaris antigen (Amagai , M. 
et al.. Cell 67:869-877 (1991)). Nucleotide sequence analysis has 
revealed that the pemphigus vulgaris antigen belongs to the 
superfcimily of genes for cadherins that are intercellular adhesion 
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molecules. The pemphigus vulgaris antigen is a membrane protein 
located in dLesmosome (Karpati, S. et al . , J. Cell Biol. 122:409-415 
(1993)) , and it was named desmoglein 3 {E)sg3) (Amagai , M. Adv, Dermatol. 
11 :319-352 (1996) ) . 
5 There is much evidence showing that autoantibody IgG against 

Dsg3 protein plays a pathogenic role in pemphigus vulgaris . Firstly, 
it has been reported that activity ot the disease correlates to the 
antibody titer in blood oyer time by indirect fluorescent antibody 
technique (Sams Jr, W.M. & Jordon , R.E., Br. J. Dermatol. 84:7-13 
10 (1971) ) ox EIiISA (Ishii, , et al . , J. Immunol. 159:2010-2017 (19 97) ; 
Amagai, M. , et al., Br. J. Dermatol. 140:351-357 (1999)). Secondly, 
a newborn from the mother affected with pemphigus vulgaris is also 

.Est 

transiently affected with the disease due to the IgG transferred 
ifl across the placenta from the mother (Merlob, P. et al - , Pediatrics 
I5W 78:1102-1105 (1986)). As the IgG derived from the mother is 
J1 catabolized^ the symptom is remitted* Thirdly, the IgG derived from 
ij patients with pemphigus vulgaris can induce blistering in 
tissue— cultured skin in the absence of complement and inflammatory 
:U cell (Schiltz, CT.R, , & Michel, B., J, Invest. Dermatol. 67:254-260 
20W (1976); Hashimoto, K. et al . , J- Exp. Med. 157:259-272 (1983)). 
^ Fourthly, passive transfer of the IgG derived from sera of patients 
S into newborn mice causes intraepidermal blister formation with 
iU typical histological characteristics (Anhalt, G . J . et al . , N. Engl. 
J. Med. 306:1189-1196 (1982)), Fifthly, depletion of 

25 patient-derived serum by immuno-absorption using recombinant Dsg3 
protein (rDsg3) comprising extracellular domain thereof removes 
pathogenicity of the serum and inhibits blistering in newborn mice 
(Amagai, M. et al . , J. Clin. Invest. 94:59-67 (1994)). Finally, 
antibody affinity-purified with rDsg3 exhibits pathogenicity and thus 
30 results in the formation of blister with histological characteristics 
of pemphigus vulgaris in newborn mice (Amagai, M. et al , , J. Clin, 
Invest. 90:919-926 (1992); Amagai, M. et al . , J. Clin. Invest. 
102 :775-782 (1998) ) . 

Based on these studies , pemphigus vulgaris is one of the 
35 best'-characterized autoimmune diseases with respect to the processes 
after the generation of autoantibody in particular. Thus pemphigus 



vulgaris Is now an excellent disease model for tissue-specific 
autoimmune diseases to study cellular mechanisms underlying the 
production of autoantibody or destruction of self-tolerance, as well 
as to develop therapeutic methods specific to the diseases . As the 
5 first step toward the goals, it is demanded to develop active disease 
animal model for pemphigus vulgaris . 

Most of experimental autoimmune disease animal models are 
provided by repeated injection of autoantigen with a variety of 
adjuvants . However, as exemplified by the case of myasthenia gravis , 
10 in which the frequency of generation of the active disease in mice 
immunized with acetylcholine receptor (T, calif ornica) varies 
considerably depending on the strains, the success of this method 
is thus highly empirical (Berman, P.W. et al . ^ Ann. N.Y. Acad. Sci . 
iS 377:237-57 (1981)). 
15'iQ Previously, an in vivo experijnental model for pemphigus 

vulgaris was developed by the reconstruction of severe combined 
H immunodeficiency (SCID) in mice using PBMC derived from patients with 
pemphigus vulgaris (Juhasz, I- et al . , J. Clin. Invest. 92:2401-7 
~ (1993)). With this model, lymphocytes from the patients produced 
20 □ circulating autoantibody at a low titer, but it was rare that active 
intraepidermal blistering with deposition of human IgG was found in 
% mouse s)cin- When human skin was transplanted on SCID mouse, blisters 
□ similar to those in pemphigus vulgaris were recognized on the 
^ transplanted skin. However, it cannot be denied that the cause of 
25 blister formation in this model is an inflammatory response due to 
the tissue incompatibility with human PBMC and skin. Thus there was 
no established active disease model for pemphigus vulgaris . 

Disclosure of the invention 

3 0 The present invention provides autoimmune disease model animals 

and a method for producing them. More specifically, the present 
invention provides non-human mammals showing phenotypes of the 
autoimmune disease in which activation of T cells and B cells reactive 
to the antigen protein for the autoimmune disease followed by stable 

35 production of autoantibody are induced and provides a method for 
producing them. in a preferable embodiment, the model animal can be 



provided by the transplantation of immune cells including B cells 
producing antibody against the antigen protein of the autoimmune 
disease and/or T cells that are reactive to the antigen protein. 

To achieve the above described objective, first, the present 
5 inventors aimed at the production of autoantibody in mice by employing 
the previously used typical method with repeated injection. 
Specifically, three strains of mice, BALB/c , C3H/HeJ (H-a*") , and 

C57BL/6N (H-2^) were immunized with human or mouse Dsg3 protein. 
Complete Freund' s adjuvant was used in the primary immunisation, and 
10 then booster immunization was carried out 3 or 7 times by using 
incomplete Freund' s adjuvant- However, with this method^ no mice 
.-^ produced antibody capable of reacting to mouse Dsg3 protein (Table 
iS 1) and showed phenotype of pemphigus vulgaris at all. 
'S Based on this result, the present inventors set up the 

15=u hypothesis that self-tolerance to Dsg3 protein prevents the 
--■4 production of pathogenic antibody in mouse body. According to the 
W hypothesis, it can be assumed that the immune system is not exposed 
to Dsg3 protein during the developmental stages in Dsg3-def icient 
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mouse created by gene-targeting technique and thus the mouse does 



^ not acquire self -tolerance to Dsg3 protein. 

In order to demonstrate the hypothesis, the present inventors 
studied whether it was possible for Dsg3-def icient mouse immunized 
with Dsg3 protein to produce antibody against Dsg3 protein. From the 
result, it was revealed that when immunized with Dsg3 protein a 
25 homozygous DSG3 gene-deficient DSG3-/- mouse much more efficiently 
produced the antibody than a heterozygous DSG3 gene-deficient DSG3+/- 
mouse {Figure lA) . In addition, the antibody produced by DSG3-/- 
mouse was capable of binding to mouse Dsg3 protein on the keratinocyte , 
but the antibody from DSG34-/- mouse was not (Figure IB) . Specifically, 
30 it was revealed that self-tolerance to DSG3 protein had not been 
established in DSG3-/- mouse and the produced antibody recognized 
mouse Dsg3 protein as an antigen. 

Thus, the present inventors next aimed at the production of 
antibody against Dsg3 protein and expression of phenotype of pemphigus 
35 vulgaris in RAG2-/- immunodeficiency mouse by collecting splenocytes 
(which have capability of producing antibody against DSG3 protein) 
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from DSG3-/- mouse linmunxzed with Dsg3 proteii> and adoptively 
transferring them into the immunodeficiency mouse . Such RAG2-/- mice 
express Dsg-S protein, but the mice have neither mature T cells nor 
B cells because they are deficient in rearrangement of T cell receptor 
5 genes and immunoglobulin genes (n^ely, they are immunodef icient) , 
As a result, in RAG2-'/- mice in which splenocytes from DSG3-/- 
mouse had been transplanted, the encounter of Dsg3 protein-specific 
lymphocytes among splenocytes with endogenous Dsg3 protein resulted 
in permanent production of the antibody against Dsg3 protein (Figure 
10 2A) . In addition, it was found that RAG2-/- mice having the immunized 
DSG3-/- splenocytes showed nearly identical phenotype of DSG3-/— 
mouse (Koch, P.J., et al . , J. Cell Sci. 111:2529-2537 (1998); Koch, 
15 P.J.r et al., J. Cell Biol. 137:1091-1102 (1997)). All of the mice 
iB exhibited erosive lesions in mucous membranes with epidermal 
15 W separation just above the basal cell layer and telogen hair loss 
Jt (Figure 3) . The presence of nearly identical phenotype reproduced 
y by adoptive transfer of DSG3-/- splenocytes in RAG2"/- recipient mice 
■'O demonstrated that the produced antibody was specific and pathogenic. 

The specificity of the antibody can also be verified by the fact 
20y that the ±n vivo deposition is not detectable in other simple epithelia 
'■^ expressing Dsg2 protein (Schafer, S. et al . , Exp. Cell Res . 211:391-9 
JE (1994)) and upper part of epidermis expressing Dsgl protein (Figure 
m 3G) (Amagai, M. et al - , J- Invest. Dermatol. 106:351-355 (1996)). 

Thus, the present invention provides the first disease mouse 
25 model for pemphigus and a method for producing them. The method of 
the present invention, because of the nature thereof, can be widely 
applicable to the preparation of model animals for other autoimmune 
diseases in which associated autoimmune targets have been identified. 

Accordingly the present invention relates to autoimmune disease 
30 model animals and a method for producing them, more specifically 
relates to: 

(1) a non-human mammal showing a phenotype of autoimmune disease 
through production of an antibody reacting to an antigen protein for 
an autoimmune disease or T cell activation; 
35 (2) the non-human mammal of (1) , wherein immune cells from a non-human 
mammal lacking an antigen gene for the autoimmune disease have been 



tjransplaxited to the non-human mammal ; 

(3) the non-human mammal of (1) , wherein immune cells from a non-human 
mammal that lacks the antigen gene for the autoimmune disease and 
that has been immunized with the antigen protein have been 

5 transplanted to the non-human mammal; 

(4) the non-human mammal of (2) or (3) , wherein the immune cells are 
transplanted to an immunodef icient non— human mammal; 

(5) the non-human mammal of (4) ^ wherein the immunodef icient non-human 
mammal is a non-human mammal that lacks the RAG2 gene; 

10 (6) the non-human mammal of any one of (2) to (5) , wherein the immune 
cells are splenocytes ; 

(7) the non-human mammal of any one of (1) to (6) , wherein the 
'=3 autoimmune disease is pemphigus vulgaris ; 

"% (8) the non-human mammal of (7) , wherein the antigen protein is 
15W desmoglein 3 protein; 

(9) the non-human mammal of any one of (1) to (8), wherein the non-human 

i J mammal is a rodent ; 

(10) the non-human mammal of (9) , wherein the rodent is a mouse; 

(11) a method for producing a non— human mammal showing a phenotype 
2 0iTj of autoimmune disease through production of an antibody reacting to 

an antigen protein for an autoimmune disease or T cell activation, 
%■ which comprises the steps of: 

m (a) immunizing, with the antigen protein for the autoimmune disease, 
a non-human mammal that lacks the antigen gene for the autoimmune 
25 disease, 

(b) preparing immune cells from the non-human mammal, and 

(c) transplanting the immune cells to a non-human mammal having the 
antigen protein; 

(12) the method of (11) / wherein the immune cells are transplanted 
30 to an immunodef icient non-human mammal; 

(13) the method of (12) , wherein the immunodef icient non-human mammal 
is a non-human mammal that lacks the RAG2 gene; 

(14) the method of any one of (11) to (13) , wherein the immune cells 
are splenocytes ; 

35 (15) the method of any one of (11) to (14) , wherein the autoimmune 
disease is pemphigus vulgaris ; 



(16) the me-thod of (15) , wherein the antigen protein is desmoglein 
3 protein ; 

(17) the method of any one of (11) to (16), wherein the non-htiman 
mammal is a rodent; and 

5 (18) the method of (17) , wherein the rodent is a mouse* 

The model animal of the present invention can show phenotype 
of autoimmune disease through the stable production of antibody 
reacting to the antigen protein for the autoimmune disease or 
sustained activation of T cell. 
10 There is no particular restriction on the type of objective 

disease for which model animals are to be prepared in accordance with 
the present invention, as far as the disease is an autoimmune disease. 
ijO Such autoimmune diseases include, for example, but not limited to, 
\H pemphigus vulgaris, myasthenia gravis, autoimmune hemolytic anemia, 
ISn Basedow's disease, Hashimoto's disease, Goodpasture's syndrome, 
'si autoimmune diabetes mellitus, multiple sclerosis, etc* 

Animals to be utilized for creating the model animal are 
^ preferably non-human mammals. There is no restriction on such 
O non-human mammals, as far as gene-disrupted animals can be created 
26^ from them. Preferable animals include rodents, e.g., mouse. 

V The model animals in accordance with the present invention can 

□ be created by immunizing antigen gene-deficient non-human mammals 
with the antigen protein for the autoimmune disease, removing the 
immune cells thereof, and then transplanting the cells to other 
25 non-human mammals having the antigen protein. 

Animals having the disputed antigen gene can be created by a 
method known to those skilled in the art. The antigen gene to be 
disrupted includes, for example, but not limited to, the DSG3 gene 
when the autoimmune disease is pemphigus vulgaris; the acetylcholine 
30 receptor gene for myasthenia gravis; the TSH receptor gene for 
Basedow's disease or Hashimoto's disease; the type IV collagen gene 
for Goodpasture' s syndrome; the myelin basic protein gene for multiple 
sclerosis, etc. 

Further, immune cells can be obtained from the thymus, lymph 
35 node, spleen, liver, intestinal epithelixom, peripheral blood, etc. 
but are not limited to those from the tissues. The spleen abundantly 



contains mature immune cells and thus is a preferable organ tor the 
immune cells. It is preferable that the animal (donor) from which 
immune cells are prepared and the animal (recipient) to which 
lymphocytes derived from the immune cells are transferred belong to 
5 a same species and have a same genetic background thereby preventing 
the onset of GVHD which may cause tissue destruction in the recipient. 
In addition to this, it is preferable that the recipient has 
immunodeficiency thereby preventing the rejection of lymphocytes 
derived from immune cells transferred. For example^ SCID mouse, nude 
10 mouse as well as an animal of which RAG2 gene has been disrupted may 
be used as the immunodef icient animal. Furthermore, MHC-knockout 
mouse or common y chain-knockout mouse can also be used but it is not 
□ limited thereto. 

The immunization with the antigen protein from the donor, 
15 5 preparation of immune cells from the donor, and transplantation of 
^=4 the immune cells to the recipient can be carried out, for example, 
si by the methods as described in the Examples. 

5 The model animal created in accordance with the present 

i3_ invention can show phenotype of autoimmune disease through the stable 
2 0 It; production of antibody reacting to the antigen protein for the 
P autoimmune disease or sustained activation of T cell. In the model 
P animal for pemphigus vulgaris, major phenotype includes weight loss 
!r! and reversible telogen hair loss . Further , among autoimmune diseases 
other than pemphigus vulgaris, phenotype may include reduced muscle 
25 power in myasthenia gravis; anemia in autoimmune hemolytic anemia; 
hyperthyroidism in Basedow's disease; hypothyroidism in Hashimoto's 
disease; nephropathy and pulmonary disorders in Goodpasture's 
syndrome; glucosuria in autoimmune diabetes mellitus; and 
neuroparalysis in multiple sclerosis . 
3Q One can use these model animals for developing therapeutic 

agents or methods for the diseases, administering to them test 
compounds of interest for therapeutic effects on autoimmune diseases 
and observing phenotypes thereof. Particularly the major phenotype 
includes weight loss and reversible telogen hair loss in pemphigus 
35 vulgaris model mouse prepared in accordance with the present Example 
and. the phenotypes last over 6 months, and therefore it is possible 



to readily and objectiively evaluate the effectiveness of each 
therapeutic agent or method based on the observation without 
sacrificing the mouse. In addition, these model mice are very useful 
for clarifying cellular mechanism underlying the production of 
antibody against the antigen protein. 

Brief Description of the Drawings 

Figure 1 shows a diagram (A) and photograph (B) displaying the 
production of anti-Dsg3 IgG that is capable of in vivo binding in 
DSG3-/- mouse . (A) : DSG3-/^ mouse and the +/- littermate mice thereof 
were immunized with mouse rDsg3 , and then the titers of anti-DsgS 
IgG were measured over time by ELISA, An arrow indicates the primary 
immunization with mouse rDsgS using complete Freund' s adjuvant, and 
an arrow head indicates booster immunization with mouse rDsg3 using 
incomplete Freund' s adjuvant. DSG3-/" mouse efficiently produced 
much more anti-Dsg3 IgG than the +/- littermate mice. (B> : while 
intercellular junctions of cultured keratinocytes were stained with 
the serum derived from the immunized DSG3"/- mouse (a) , they were 
not stained with the serum derived from the -h/- littermate mice (b) * 

Bar represents 50 pm. 

Figure 2 shows the production of anti-Dsg3 IgG in recipient 
RAG2-/- mice after the transfer of the immunized DSG3^/- splenocytes . 
(A) : ELISA scores to mouse rDsg3 were obtained with RAG2-/- mouse 
that had received splenocytes from the immunized DSG3-/- mouse 
[RAG2-/- (DSG3-/-) ] or RAG2-/- mouse that had received splenocytes 
from the immunized DSG3+/- mouse [RAG2-/'" {DSG3+/-) ] - The RAG2-/- 
mouse having DSG3-/- splenocytes had the sustained production of 
anti-Dsg3 IgG. An arrow indicates the first day of telogen hair loss 
phenotype. In contrast, ELISA for RAG2"/- mouse having DSG3+/- 
splenocytes was always negative over time, (B) : the time course of 
varying body weight of recipient RAG2-/- mouse was plotted- After 
10 to 14 days, the increase in weight delayed in RAG2-/- mice having 
DSG3-/- splenocytes as compared with mice having DSG3+/- splenocytes , 
and then the weight continued to decrease. Several mice died (t) , 
but the remaining several mice survived and then their weights 
increased. 



Figure 3 is a photograph showing the expression of pemphigus 
vulgaris phenotype in RAG2-/- mice in which the immunized DSG3-/ — 
splenocytes have been transferred. Around 7 to 14 days after the 
transfer of splenocytes, weight loss was recognized in RAG2-/- mice 
5 having DSG3— /- splenocytes (A, bottom) when compared with mice having 
DSG3-f/- splenocytes (A, top) . Several mice showed the onset of 
erosion with scab around noses and cheeks where they scratched (B) - 
Based on histological diagnosis of RAG2-/- mouse having DSG3-/- 
splenocytes, intraepidermal blister formation was found immediately 
10 above the basal layer of mucosal epithelitim (C, hard palate; D, upper 
part of the esophagus) . Inflammatory infiltrates were recognized 
below the erosion foci (E, upper part of the esophagus) . In vivo IgG 
Q deposition was recognized on cellular surface of keratinocyte in 
mucosal epithelium by direct immunofluorescence method (F, hard 
15\jl palate) and skin (G, around nose) (white part of the diagram) . Bar 
J"': represents 5 0 |im. 

1?; Figure 4 is a photograph showing a telogen hair loss phenotype 

=S of RAG2-/- mouse, in which the immunized DSG3 — /— splenocytes had been 
L transferred, similar to that observed in DSG3~/- mouse. About 15 to 
20iTj 25 days after the transfer, RAG2-/- mouse having DSG3-/- splenocytes 
1=^ showed partial hair loss (A, B) . in hair-pull test with adhesive tape , 

t a bunch of "hairs were adhered on the tape in the case of RAG2~/- mouse 

Q 

having DSG3-/- splenocytes (C, left) , but no hair was adhered in the 
case of RAG2-/- mouse having DSG3+/- splenocytes (C, right) - After 

25 that, a mosaic of new hair was recovered in the area without hair 
(D, arrow). Histological diagnosis showed the presence of 
acantholysis between cells of hair bulb and basal layer of outer root 
sheath epithelium (E, arrow) as well as the presence of empty expanded 
telogen hair follicle (F, arrow) , By direct immunofluorescence 

30 method. In vivo IgG deposition was found on the cellular surface of 
keratinocyte in the hair root (G, H) (white part of the diagram) . 
Bar represents 5 0 pm. 

Best Mode for Carrying out the Invention 
35 The present invention is illustrated in detail below with 

reference to Examples, but is not to be construed as being limited 
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thereto . 

Example 1 . Production of recombinant mouse Dsc?3 protein 

A cDNA encoding the entire extracellular domain of mouse Dsg3 
5 (Genbank U86016) was amplified by PGR using appropriate primers 
(5 ' -CCGAGATCTCCTATAAATATGACCTGCCTCTTCCCTAGA-3 * /SEQ ID NO : 1 , 
5 • -cGGGTCGACCCTCCAGGATGACTCCCCATA-3 ' /SEQ ID NO: 2) and using a phage 
clone containing mouse Dsg3 cDNA (a gift from Dr. Jouni Uitto) as 
a template; amplified fragment was subcloned (pEVmod-mDsg3-His) by 
10 replacing it with human Dsg3 cDNA in pEVmod-Dsg3-His vector (Ishii, 
K., et al-, J. Immunol, 159:2010-2017 (1997)), A recombinant 
baculo-protein^ mouse rDsg3 , was prepared as described previously 
(Amagai, M. et al . , J. Clin. Invest. 94:59-67 (1994); Amagai , M. et 
ifl al,, J. Invest. Dermatol. 104:895-901 (1995)). 

i5;fl 

Example 2 , Immunization of wild-type DSG3+/-*- mouse with mouse DsgS 
protein 

Firsts attempts were made to produce antibodies against Dsg3 
^ protein in a variety of wild- type mouse strains after immunizing witb 
20Q human or mouse rDsg3 (Table 1) . 

i*^ Mice were sensitized with 5 M-g of purified mouse or human rDsg3 

by intraperitoneal injection with complete Freund' s adjuvant (CFA) . 
□ Then booster immunization was carried out every week, 3 or 7 times, 
^ with mouse or human rDsg3 using incomplete Freund' s adjuvant (IFA) . 
25 An ELISA test for antibody production was conducted 3 days after each 
booster immunization. 

In ELISA assay for blood igG against mouse Dsg3 protein (mDsg3) 
or human Dsg3 protein (hDsg3) in mice, mouse or human rDsg3 was used 
as a coating antigen. More specifically, a 9 6-well microtiter plate 
30 was coated with 100 JU of 5 fig/ml purified mouse or human rDsg3 at 
4"C overnight- All serum samples were diluted 50 to 5,000 times and 
then incubated on a 9 6-well ELISA plate at room temperature for 1 
hour. After the samples were incubated with peroxidase-conjugated 
goat anti-mouse IgG antibody (MBL, Nagoya, Japan) at room temperature 
35 for 1 hour, the coloring reaction was carried out by using 1 mM 
tetramethylbenzidine as a substrate for peroxidase (Ishii K et al . , 



J Immunol 159: 2010-2017, 1997; Amagai M et a.1 , , Br J Dermatol 
140:351-357, 1999), The respective samples were analyzed in 
duplicate. A single serum sample obtained from DSG3-/- mouse 
immunized with mouse rDsg3 was used as a positive control and serum 
5 derived from a non-immunized mouse was used as a negative control. 
EIjISA score was obtained as an exponent in a value calculated by 
[ (sample OD - negative control OD) / (positive control OD - negative 
control OD)x 100] (Table 1) , 

Further, the production of antibody against Dsg3 protein was 
10 tested by immuno-f luorescent staining of cultured keratinocytes . 
Mouse keratinocytes from cell line PAM212 (Yuspa, S.H. et al . , Cancer 
Res. 40:4694-4703 (1980)) or human keratinocytes from cell line KU8 
_ (Tsukamoto, T., Keio J. Med. 38:277-293 (1989)) were incubated 
!2 together with mouse serum sample 2 0-fold diluted with DMEM containing 
ISifl 10% FCS at 37*C under hximid air containing 5% CO2 for 30 minutes. 
^ Subsequently the cells were washed with PBS (-) and then fixed with 
J 100% methanol at -20 for 2 0 minutes; the cells were incubated with 
\jj fluorescein isothiocyanate (FITC) -labeled goat anti-mouse IgG 
antibody (DAKO, Copenhagen, Denmark) at room temperature for 30 
20;=^ minutes. The stain was observed with a fluorescence microscope 
y (Nikon, Eclipse E800) . 

The EXjISA and immuno-f luorescence staining revealed that 
S C57BL/6N mouse or BALB/c mouse produced IgG capable of reacting to 
ry only human rDsg3 but not to mouse rDsg3 when immunized with human 
25 rDsg3 first using complete Freund' s adj uvant and then using incomplete 
Freund's adjuvant. Merely C3H/HeJ mice produced IgG capable of 
weakly cross-reacting to mouse rDsg3, when observed by ELISA. When 
these three strains of mice were immunized with mouse rDsg3 , no mice 
from the three strains produced IgG recognizing mouse or human rDsg3 
30 in the evaluation by three methods (ELISA, indirect fluorescent 
antibody technique, and living keratinocyte staining) . These 
findings suggested that wild-type DSG3+/+ mouse had immuno- tolerance 
to Dsg3 and thus it was difficult to allow for DSG3 + /-f wild-type mouse 
to produce antibody against mouse Dsg3 . 
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Table 1 



Mouse strain 


n 


Antigen* 


CFA 


IFA** 






Living cell staijoim 












mDsgS 




NMS NHS 


Pam 


KU8 


CB7BL/6N 


2 


hDfigS 


1 


3 


18.4 


93.4 


- + 




4- 


BALB/c 


3 


hDeg3 


1 


a 


6,3 


85.4 






4- 


C3HMeJ 


2 


hDi^3 


1 


3 


47,5 


167.7 


- 4- 




+ 


C57BL/6N 


3 


mDBgS 


1 


7 


10.6 


10.1 








BALB/c 


3 


mDsgS 


1 


7 


1.7 


2.3 










3 




1 


7 


6.4 


7.6 




ND 


ND 



When recombinant human Dsg3 was used, ^^hDsg3" is provided in 
the column of antigen in Table 1 ; when recombinant mouse Dsg3 was 
used, "^mDsgS'' is provided (a) . In the column of ^^CFA,"' the number 
of immunization treatments with purified mouse or human recombinant 
Dsg3 using complete Freund' s adjuvant (CPA) is indicated; in the 
column of ^^IFA,'' the number of booster immunizations conduced every 
week after the first one using incomplete Freund' s adjuvant <IFA) 
(3 or 7 times) is indicated (b) - ELISA score was computed for human 
recombinant Dsg3 (hDsgS) or mouse recombinant Dsg3 (mDsg3) (c) ; if 
higher than 20,0, it can be judged as positive. ^^IIF" of this Table 
indicates a result of indirect fluorescence antibody staining (IIF) 
of normal mouse skin (NMS) or normal human skin (NHS) by using mouse 
serum (d) , Further, ""living cell staining" of this Table indicates 
a result of living cell staining for cultured mouse keratinocytes 
from a cell line (Pam) or h\aman keratinocytes from a cell line (KU8) 
by using the mouse serum (e) , means negative; ^^-f-" means positive. 

^^ND" indicates that the test was not done. 

Example 3. Immunization of DSG3-/- mouse and DSG34/- mouse with mouse 
Dsg3 protein 

DSG3-/- mice were prepared by mating male DSG3-/- mice with 
25 female DSG3-I-/- mice (Koch, P,J,, et al - , J- Cell Biol. 137 : 1091-;L102 
(1997) ) . RAG2-/- mice, which had been obtained by back-crossing with 



Be.SJL-ptpr'' over 10 generations, were provided from Taconic (German 
Town, NY) (Schulz, R.-J. e-tal., J. Immunol. 157:4379-4389 (1996)). 

ELISA scores for mouse rDsg3 were determined after immunizing 
DSG3-/" mouse with mouse rDsg3 in order to verify the absence of 
5 iramuno-tolerance to Dsg3 protein in DSG3-/- mouse. 

Both DSG3-/- mice and DSG3+/* mice were sensitized with 5 ^ig 
of purified mouse rDsgS by using complete Freund' s adjuvant (0 day) , 
and then booster was carried out with mouse rDsgS by using incomplete 
Freund' s adjuvant after 8, 15, 22, and 28 days. The antibody 
10 production was tested by ELISA using mouse rDsg3 as a coating antigen 
in the same manner as in Exeimple 2- 
_ The production of anti-DsgS IgG was found as early as 11'*'** day 

]% in pSG3-/- mice (n=4) and the titer continued to increase (Figure 
=e lA) . When DSG3+/- mice were immunized repeatedly, the ElilSA titer 
15 H eventually increased, but the titer was significantly lower than the 
y titer for DSG3-/- mice observed on the 32"** day (p<0-0001). 
W To determine whether the anti-Dsg3 IgGs produced by these mice 

can bind to Dsg3 protein on the keratinocytes In vivo, the same 
Q staining as in Example 2 was carried out by using mouse keratinocytes 
20^J from a cell line Pam212 . When the serum derived from DSG3-/- mouse 
'"Z was added to culture media, the serum bound at intercellular adhesion 
S sites of cultured keratinocytes. However, no stain was detectable 
ry on the cell surface by using sera derived from DSG3 + /- mouse at all 
(Figure IB) • There was no in vivo IgG deposition in the epidermis 
25 of the immunized DSG3 + /* mice. Thus there is an extremely high 
possibility that the antibodies produced by DSG3+/- mouse are those 
against trace c[uantities of contaminants in purified mouse rDsgS, 
against the C-terminal tag of mouse rDsg3 , or against masked Dsg3 
epitopes which are not accessible under the In vivo condition . 
30 These results suggested that there was no immuno-tolerance to 

Dsg3 in DSG3-/- mouse and thus pathogenic IgG inhibiting Dsg3 function 
for adhesion was produced via immunizing DSG3-/- mouse with mouse 
rDsg3 . 



35 Example 4 . Permanent production of pathogenic anti-Dsa3 IgG in 
recipient RAG2-/- mouse 




Because DSG3-/- mouse has the deficient target antigen, it was 
predicte<l that anti~Dsg3 IgG did not affect the phenotype in DSGS-/- 
mouse. Thus , an experiment was conducted where immunized splenocytes 
from DSG3-/- mouse or DSG3^/- mouse were transferred into RAG2-/- 
5 immunodeficiency mouse . RAG2-/- mouse expresses Dsg3 protein but has 
neither mature T cells nor B cells because neither T cell receptor 
genes nor Immunoglobulin genes can be rearranged in the mouse. 
Therefore it is assumed that the transferred splenocytes are not 
rejected and anti-Dsg3 IgG can be produced in the recipient mouse, 
XO DSG3-/- mice and DSG3+/- mice were sensitized with 5 fig of 

purified mouse rDsg3 by using complete Freund' s adjuvant (0 day) . 
Then booster immunization was carried out with mouse rDsg3 using 
Q incomplete Freund' s adjuvant after 7 and 14 days. The production of 
=D antibody was confirmed on the 18^ day by ELISA in the same manner 
is!^: as in Example 2. Finally, booster immunization was carried out with 

iJ_i 

mouse rDsgS but without any adjuvant, and the mice were sacrificed 
M several days after the booster immunization to prepare splenocytes 
as immune cells. 

r To perform the adoptive transfer of splenocytes , monocytes were 

20H isolated from the spleens of DSG3-/- mice or DSG34-/-- mice and 
re-suspended in complete RPMI1640 medixam (Nissui Pharmaceuticals, 
Tokyo) containing 10% fetal bovine serxim, 0,21% sodium bicarbonate 
Q solution (w/v) , 2 mM L^glutamine (GlBCO) , and antibiotics. About Ix 
10^ splenocytes were suspended in PBS and transferred into RAG2-/- 
25 mouse via caudal vein by intravenous injection. The production of 
antibody was tested by ELISA using mouse rDsg3 as a coating antigen 
in the same manner as in Example 2 . 

Anti-Dsg3 IgG was detected in the blood of recipient RAG2-/- 
mice as early as 4^*^ day after the transfer of DSG3-/- splenocytes. 
30 The antibody produced rapidly increased and reached a plateau around 
the 21°^ day; the production then continued permanently (n«=13) (Figure 
2A) , The sustained antibody production was observed for 6 months or 
more until the mice died. In contrast, anti-Dsg3 IgG was always 
undetectable over time in the blood of RAG2>-/- mice in which DSG3+/- 
35 mouse splenocytes had been transferred (n=5) (Figure 2A) . 

In order to deteirmine the localization of B cells producing 
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anti-DsgS IgG, ELISPOT assay was conducted as follows. A 96— well 
microtiteir plate of which bottom is made of PVDF (Millipore-Amicon , 
Beverly, MA) was coated with mouse rDsg3 of 30 fig /ml . The monocytes 
prepared form reconstructed RAG2-/- mouse peripheral blood, spleen, 
5 bone marrow, and lymph node were incubated on the plate at 37 under 
humid air containing 5% CO2 for 4 hours . The IgG bound to the membrane 
was visualized as a spot by using alkaline phosphatase-conjugated 
anti-mouse IgG antibody (Zymed Laboratories Inc, San Francisco, CA) - 
The number of spots were counted under a stereoscopic microscope, 
10 the frequency of B cells producing anti-mDsgS IgG was determined as 
the number per 10^ monocytes. All the experiments were performed in 
triplicate ♦ The number of B cells producing anti-Dsg3 IgG determined 
S by the assay is shown in Table 2 » 

% It was revealed that B cells producing anti-DsgB IgG were 

ISljJ localized in the spleens and lymph nodes of recipient RAG2-/- mice 
'"J in the early phase (on the 22^"* day) as well as late phase (on the 
iTI 117^ day) after the adoptive transfer (Table 2) . In this Table, 
iQ RAG2-/- mice in which splenocytes from irranunized DSG3-/- mouse had 
'L been transferred is represented by the mouse which had no 

20j7i transferred cell is by ^^-'^ (a) . ''^Days" represents days from the 
U transfer to the sacrifice (b) . The number of B cells producing 
anti-mDsgS IgG is indicated as the number per 10^ monocytes (c) . The 
jii frequency of B cells producing anti-Dsg3 IgG in the spleen ranged 
from 20 to 100 cells per 10^ monocytes , 

25 

Table 2 



Mouse 


Transfer* 


Days^ 


Spleen 


Lymph node 


Bone marrow 


PBMC 


RAG#466 






o.o±o.oc 


O.O±0.0 


0,0±0.0 


0.0±0.0 


RAG#514 


+ 


22 


86-5*29.9 


13,5±13.6 


0.0±0.0 


3,8*5,4 


RAG#212 




33 


102.1il4.7 


47.8±8.8 


0.0±0.0 


0.0*0.0 


RAG#134 




117 


20.8*5.9 


16.5^:5.9 


2.1±2.9 


0.0*0.0 


RAG#135 


+ 


117 


31.3±8.8 


27.1*2.9 


0.0+0-0 


0.0*0.0 



Example 5, RAG2"/- mouse having immunized DSG3-/" splenocytes 
expressed t:he phenoiiype of pemphigus vulgaris 

The first recognized, symptom in recipient RAG2-/- mouse having 
5 immunized DSG3-/~ splenocytes was weight loss {n-13) as compared with 
mouse having DSG3 + /- splenocytes (n'=5) around 7 to 14 days after the 
adoptive transfer (Figures 2B and 3A) . The weights of these mice then 
continued to decrease and several of them actually died. The 
remaining survived mice later began to gain their weights (Figure 
10 2B) . The phenotype of weight loss was irecognized in all the recipient 
RAG2-/- mice examined (n=13) , Several of the recipient RAG2-/- mice 
(n=^5) had the onset of erosion with scab on the skin around the noses 
^ which is a common area of scratch (Figure 3B) - 

In vivo IgG deposition was found on the cell surface of 
isn stratified squcimous epithelixam keratinocyte including epidermis 
(Figure 3G; around the nose) , mucous membrane of oral cavity (Figure 
-,1 3F, hard palate) , and esophagns mucous membrane in recipient RAG2— /- 
Ix! mouse. In epidermis consisting of several layers of keratinocytes , 
the presence of IgG deposition was restricted to the lower layers 
2Qf-=\ (Figure 3G) , while IgG was observed in all the epithelial layers in 
i=y epithelia of oral cavity and esophagus (Figure 3F) . IgG deposition 
•"^ was not detected in any other tissues including heart, lung, liver, 
Q kidney, stomach, small intestine, and large intestine in these mice. 
rJ Histological diagnosis of RAG2-/- mice having immunized DSG3 — /- 
25 splenocytes showed the presence of intraepithelial cleavage 
immediately above the basal layer, namely, acantholysis immediately 
above the basal layer which is a typical characteristic of pemphigus 
vulgaris, in buccal mucous membrane, hard palate (Figure 3C) , the 
oral and pharyngeal region, and upper part of the esophagus (Figure 
30 3D). The significant inflammatory cell infiltrate was not 
essentially seen in blistering lesions in the early phase (Figure 
3C) . Inflammatory infiltrate was chiefly found in old erosion foci 
(Figure 3E) ♦ Irritation and acute inflammation secondarily caused 
by food were recognized there, which were due to loss of epithelial 
35 barrier function. It can be presumed that these damages perhaps 
reduced ingestion in the mice and resulted in growth inhibition. 
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In contrast, no phenotypic or pathological alterations were 
recognized in RAG2-/- mice having immunized DSG3+/- splenocytes. 
These findings suggested that RAG2-/- mice having immunized DSG3-/- 
splenocytes expressed pemphigus vulgaris phenotype. 

5 

Example 6, RAG2-/- mouse having immunized D5G3~/- splenocytes 
exhibited the phenotype of telogen hair loss 

About 15 to 2 5 days after the adoptive transfer, partial hair 
loss was recognized in 11 of 13 RAG2-/- mice (Figure 2A, see arrow, 
10 Figure 4A, B) - Typically, hair loss was initiated as a small spot, 
and then was expanding gradually during the next 2 to 3 weeks . Hair 
loss was initiated in the forehead in recipient RAG2-/- mice of 12-week 
old or less, and it further expanded backward* A mosaic of new hair 
^5 was recovered in the telogen hair loss spot in several mice, but there 
15,S were mice in which telogen hair loss spots remained without changing 
U for one month or more or in which telogen hair loss expanded without 
forming demarcated telogen hair loss spot (Figure 4D) . When adhesive 
ij t^ipe was adhered to the area adjacent to a telogen hair loss spot 
•iO and then removed (hair-pull test) (Koch, P,J., et al . , J. Cell Sci. 
20L 111:2529-2537 (1998)) , a bunch of hairs adhered on the tape (Figure 
M 4C) . These phenotypes lasted for 6 months or more as far as anti-Dsg3 

igG was present in the blood, 
t The skin biopsy of RAS2-/- recipient mouse revealed intense IgG 

m deposition on the cell surface of keratinocytes around hair bulb 
25 (Figures 4G, H) . The intensity of IgG binding in hair follicle was 
much higher than that in epidermis (Figure 4G) . Histological 
diagnosis of the skin showed the presence of acantholysis between 
cells around hair bulb at the resting stage and the basal layer of 
outer root sheath (Figures 4E, H; arrow) . In telogen hair loss spots, 
30 there were empty expanded telogen hair follicles being consistent 
with telogen effluvium (Figure 4F) . There was no evident 
acantholysis in the surface layer of epidermis without damage. No 
obvious infiltration of inflammatory cells was recognized around the 
hair follicles with acantholysis (Figures 4E, F) . 
35 In contrast, no telogen hair loss spots were always found in 

I^G2-/- mice in which DSG3+/- splenocytes had been transferred. 



Indus-trial Applicability 

The development of this model provided a new direction for the 
study of tissue-specific autoimmune diseases (autoimmune diseases 
in which the relation between tarjget antigen and toxic antibody or 
T cell has been clarified) _ The model of the present invention is 
useful to elucidate cellular mechanisms underlying the production 
of antibody against antigen protein for an autoimmune disease and 
induction of cytotoxic T cell by particularly modifying lymphocytes 
before adoptive transfer. This model can also be a valuable tool for 
the development of new disease-specific therapies. Because, in the 
pemphigus vulgaris model animal in accordance with the present 
invention, the maj or phenotypes are weight loss and reversible telogen 
hair loss, activity of the disease can be monitored by observing the 
mice without sacrificing them, ELISA titer of blood anti-Dsg3 
antibody is also an objective index for the disease activity. Further, 
the phenotype remains expressed for 6 months or more. Thus efficacy 
of each therapeutic method can readily and objectively be evaluated. 
More importantly, the method of the present invention is applicable 
for the development of active disease mouse models for other tissues 
specific autoimmune diseases in which target ^ antigens have been 
identified. 



